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Endurance test-rig for diagnostics and prognostics of rolling element bearings 
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Politecnico di Milano, Dept. of MechanicalEngineering, Via La Masa 1 – 20156 Milan, Italy 
 
Abstract 
Detection of faults in roller element bearing is a topic widely discussed in the scientific field. Bearings 
diagnostics is usually performed by analyzing experimental signals, almost always vibration signals, 
measured during operation. A number of signal processing techniques have been proposed and applied to 
measured vibrations. The diagnostic effectiveness of the techniques depends on their capacities and on the 
environmental conditions (i.e. environmental noise). The current trend, especially from an industrial point of 
view, is to couple the prognostics to the diagnostics. The realization of a prognostic procedure require the 
definition of parameters able to describe the bearing condition during its operation. Monitoring the values of 
these parameters during time allows to define their trends depending on the progress of the wear. In this 
way, a relation between the variation of the selected parameters and the wear progress, useful for 
diagnostics and prognostics of bearings in real industrial applications, can be established. In this paper, a 
laboratory test-rig designed to perform endurance tests on roller element bearing is presented. Since the 
test-rig has operated for a short time, only some preliminary available results are discussed. 
 
1. Introduction 
Rolling element bearings are sensible elements of plants or systems in which they are installed. Since they 
allow a relative motion between a rotating shaft and a motionless case, it is important to monitor their 
functioning in order to estimate the health degree and to avoid possible catastrophic damages or undesired 
standstills of the plant involving, loss of production. 
Typical causes of rolling bearing damage are: bad lubrication, mounting defects, operational overload 
conditions, wear of the bearing components and environmental aggressive conditions. These phenomena can 
interact among themselves causing an increase of the bearing deterioration. For example, failure of the 
sealing hat can be accelerated by the abrasive action of dirt, while contaminated lubricant can cause 
corrosion, rust and pits at the rolling elements, leading to wear and premature fatigue failure. Moreover, if 
the bearing is affected by passage of current, micro-craters arise in the raceway at the contact area among 
rolling parts, and sometimes several craters appear in a row around the circumference. 
The assessment of the bearing condition is usually performed by analyzing measured signals. Therefore, 
considering also the small dimension of the bearing, diagnostics based on signal processing is preferable 
with respect to the model-based one. In literature, a lot of sophisticated techniques have been proposed for 
the treatment of experimental signals measured on different kind of mechanical components. Envelope 
analysis is probably the most established technique: introduced for the first time in [1], it allows to obtain 
both a distribution in the frequency domain and the characterization of the component condition. 
Subsequently, during years, others techniques have been implemented on purpose or borrowed from other 
applications for bearing diagnostics. Second order cyclostationary analysis [2], spectral kurtosis [3, 4] and 
minimum entropy deconvolution [5] are some examples of techniques that allow, by different approach and 
results, the characterization of the component health. 
Unfortunately, these techniques, very effective in the detection of localized faults, provide less clear 
identification in case of distributed wear. Demonstration of the difficulty in monitoring and diagnostics of 
distributed wear is the reduced number of papers devoted to this topic [6, 7, 8]. 
Since the possibility to define the bearing condition during its functioning by means of suitable parameters in 
has recently encountered an increasing interest in the industrial field for various applications, a laboratory 
test-rig has been designed and implemented in order to perform experimental endurance tests on rolling 
element bearing with internal diameter of 20 and 30 mm. In the next section the test-rig is described, whereas 
in section 3 some preliminary results obtained during a trial endurance test will be presented. In section 4 
some conclusion about both the performed and future tests will be drawn. 
 
*Contact author, e-mail: roberto.ricci@mecc.polimi.it 
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2. Experimental test-rig 
With the aim to perform endurance tests on roller element bearings, a laboratory test-rig has been designed 
and realized. The implemented test-rig, shown in Figure 1, is composed by a 1.75 kW asynchronous motor 
able to reach a maximum rotational speed of 2500 rpm, thanks to the speed control performed by means of 
an inverter. The motor is rigidly fixed to a casing in which a rotating shaft is placed. The rotating shaft, 
connected to the motor pulley by a timing belt, is supported by two bearings with double row cylindrical 
rolling elements lodged in two housing fixed on the external structure. In the middle of the rotating shaft, 
another bearing, with only one row of cylindrical roller elements is placed. As the lateral ones, also the 
central bearing is lodged in a casing fixed on a stem of a pneumatic cylinder which provide a static load on 
the bearing under test. The pneumatic cylinder, with a diameter of 200 mm, is able to produce a maximum 
force of 20 kN. It is important to highlight that the test-rig has been designed with the aim to test bearings 
with both 20 mm and 30 mm of internal diameter. Therefore two different shafts have been manufactured 
and different sets of lateral bearings have been provided. 
The rotating shaft is connected, by means of a pin, to an encoder which allow to count the number of 
rotations performed by the shaft and therefore by the bearing under test. Vibration signals are measured over 
time with the purpose is to characterize the bearing condition as a function of the number of performed 
cycles and to identify some parameters able to describe its progressive wear in order to realize prognostics. 
Vibration is measured in correspondence of the bearings: one single-axis accelerometer, with 100 mV/g 
sensitivity and 0÷10,000 Hz frequency range, has been placed on the housing of each bearing in order to 
measure vibrations along the radial direction. Together with the vibration signals and the current value of 
number of rotations performed by the bearing under test, available, as already said, thanks to the installed 
encoder, also the temperature of the outer ring of the bearing is measured by means of a RTD sensor. 
Vibration signals, outer ring temperature and counting of the cumulated cycles are continuously measured by 
means of National Instruments acquisition system but saved on a desktop PC only at regular intervals of 
100,000 cycles with a sample frequency of 25 kHz. Also the rotational speed of the shaft is controlled by the 
PC by means of National Instruments hardware: in this way the rotational speed can be changed during the 
test according to the requirements of the user. However, in order to analyze consistent data, during the phase 
of data saving the rotational speed of the shaft is set equal to 1000 rpm (i.e. this represent the reference 
condition). Both the control and the acquisition tasks are performed by means of a software performed in 
Labview which user interface is shown in Figure 2. 
 
  
Figure 1. Experimental test-rig: external view (left) and bearing position (right). 
asynchronous motor 
casing encoder 
pneumatic cylinder 
motor inverter 
timing belt 
lateral bearings 
tested bearing 
rotating shaft 
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Figure 2. Test-rig control and acquisition software. 
 
3. Preliminary experimental results 
Since the aim of the experimental campaign is the evaluation of the operating life of the bearing in different 
operating conditions, the first endurance test is performed with a light load. Since the fatigue load for the 
selected bearing is 2.75 kN, a load of 3 kN is applied in order to develop the localized damage artificially 
realized on the bearing inner ring and shown in Figure 3. 
The vibration signal acquired on the bearing under test at the beginning of the endurance test is shown in 
Figure 4 (a). The main part of the vibration signal is included in the range -25 m/s
2
÷+25 m/s
2
. However, the 
central part of the signal is characterized by some negative peaks of -70 m/s
2
. These deviations from the 
regular trend are due to a transient phenomenon: their structure suggests that they can be related to a stick-
slips phenomena more than the damage. The spectrum of the acquired vibration signal is shown in Figure 
4 (b): greater peaks are located in correspondence of low values of frequency. The frequency components 
characterized by high energy, like the two marked in Figure 4 (b), are due to the shaft rotation. 
 
 
Figure 3. Localized damage realized on the inner ring of the bearing. 
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Figure 4. Vibration signal measured on the bearing under test after 20,000 cycles (a) and related spectrum (b). 
In Figure 5 (a), the vibration signal measured after 2.5 millions rotations of the bearing is shown. As it can be 
noticed, the amplitude of vibration is lower than the one characterizing the first acquisition. In this case, 
almost the whole signal is included in the range -20m/s
2
÷+20 m/s
2
 and no transitory component is shown. 
This reduction in terms of amplitude vibration can be due to a progressive smoothing of the localized 
damage realized on the bearing inner ring. This amplitude reduction is detectable also in the frequency 
domain. As it can be noticed by the right plot in Figure 4, in which the spectrum of the acquired signal is 
shown, the main frequency components have lower amplitude than the previous ones. For example, the 
component at 532.6 Hz has an amplitude halved with respect to the one of Figure 4 (b). Moreover, even if 
the majority of the overall energy is still carried by components at low frequencies, an increase of energy at 
high frequency occurs. 
 
Figure 5. Vibration signal measured on the bearing under test after 2.5 millions cycles (a) and related spectrum (b). 
The consideration about the smoothing of the initial damage seems confirmed by the vibration signal 
measured after 5 millions cycles on the bearing under test.The vibration signal, shown in Figure 6(a), is 
characterized by a regular amplitude included in the range -15m/s
2
÷+15m/s
2
 which is exceeded by only some 
isolated peaks. Coherently with the amplitude reduction in the time domain, also the frequency components 
of the vibration signal spectrum, shown in Figure 6 (b), are characterized by reduced magnitude with respect 
the previous acquisitions. Ignoring the absolute amplitude, the energy distribution in the spectrum is very 
similar to the one characterizing the first acquisition. 
The vibration signals measured after 7.5 and 10 millions of cycles in correspondence of the bearing under 
test are respectively shown in left plots of Figure 7 and Figure 8. The vibration amplitude remains of the 
same order of magnitude of the one previously considered; however, a slight reduction of amplitude for an 
increasing operating life is highlighted (e.g. the vibration amplitude at 10 millions cycles is lower than the 
one obtained at 7.5 millions cycles). This reduction could confirm that the passage of the rolling elements in 
correspondence of the localized fault is progressively smoothing its roughness. 
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Some additional considerations can be drawn by considering the spectra of the vibration signals shown in 
right plots of Figure 7 and Figure 8 respectively. Whereas for the acquisition at 7.5 millions cycles there is a 
distributed reduction of energy, the spectrum of the signal acquired at 10 millions of revolutions highlights a 
concentration of energy in the 0÷1500 Hz frequency band. 
 
Figure 6. Vibration signal measured on the bearing under test after 5 millions cycles (a) and related spectrum (b). 
 
Figure 7. Vibration signal measured on the bearing under test after 7.5 millions cycles (a) and related spectrum (b). 
 
Figure 8. Vibration signal measured on the bearing under test after 10 millions cycles (a) and related spectrum (b). 
However, in order to follow and to express synthetically the condition of the bearing during its operating life, 
some parameters can be used. In rolling bearings, the presence of both localized faults and distributed wear, 
can lead, during their functioning, to shocks responsible of an increase of energy carried by the vibration 
signal. For this reason, the parameter usually considered for a first characterization of the condition of a 
mechanical component is the root mean square (RMS) value. The RMS value as a function of the performed 
cycles calculated on the vibration signals measured on the bearing under test, is shown in Figure 9. As it is 
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possible to see, the RMS do not change dramatically during the first 10 millions cycles but some variations 
are however highlighted. The maximum RMS values, about 2.3 m/s
2
, are reached during the first cycles: this 
is coherent with the greater vibration amplitude shown at the beginning of the endurance test (i.e. Figure 4). 
In correspondence of 1.5 million cycles, the RMS decreases to values lower than 1.5 m/s
2
. After 2 millions 
cycles the energy related to the vibration signal restarts to values included between the 1.5 m/s
2
 and the 
2.1 m/s
2
. The substantial constancy of the RMS value of the vibration signal seems to indicate that the 
condition of the bearing is not changed significantly during the first 10 millions cycles. 
 
 
Figure 9. RMS value for vibration signal acquired on the bearing under test as a function of the number of cycles. 
In order to integrate and confirm the information provided by the RMS, calculated on the vibration signal 
measured on the bearing under test, the same parameter is calculated for the data gathered by the sensors 
placed on the lateral bearings. With reference to the test-rig layout (i.e. Figure 1) for the position of the 
bearings, the RMS trends for the vibration signals measured on the left and right lateral bearings are shown 
in Figure 10 (a) and (b) respectively. Conversely from the bearing under test, the RMS trends highlights 
higher variations. Moreover, maximum values of the parameter are obtained in the last 2 millions cycles for 
the left bearing and in the central part of the plot for the right one. Notwithstanding their differences with the 
analogous representation for the bearing under test (i.e. Figure 9) the trends calculated for the lateral bearings 
do not add any information about the condition of the components under investigation. 
 
Figure 10. RMS value for vibration signals acquired on left bearing (a) and right bearing (b) as a function of the number of 
cycles. 
Since RMS value seems to provide scarce information about the bearing condition and considering that in 
the field of diagnostics of mechanical componentsit is widely accepted that the presence of a localized or 
distributed damage have different effects depending on the considered frequency band (i.e. not all the 
frequency bands have the same importance from a diagnostic point of view), the RMS values of vibration 
signals measured on the bearing under test are calculated for different frequency bands. For this purpose, the 
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frequency domain has been arbitrarily divided in three equal intervals: 0÷3,333 Hz, 3,333 Hz÷6,666 Hz and 
6,666 Hz÷10,000 Hz. The RMS values, as a function of the performed cycles, for the three bands are shown 
in Figure 11. 
 
 
Figure 11. RMS value for different frequency bands for vibration signal acquired on bearing under test as a function of the 
number of cycles: 0-3,300 Hz (a), 3,300-6,600 Hz (b) and 6,600-10,000 Hz (c). 
Coherently with the overall parameter, shown in Figure 9, also the RMS calculated for each frequency band 
are characterized by variations between subsequent acquisitions (i.e. the RMS is not perfectly constant). The 
calculation of the partial RMS however, allows to highlight some important aspects. The energy in 
correspondence of the medium and high frequencies (i.e. second and third frequency bands) decrease with 
the operating cycles. At low frequencies instead (Figure 11 (a)), the behavior of the RMS is opposite: the 
energy increase significantly just before the 4million cycles and it remains constant. It is important to 
observe that the increasing of energy in this band is related to its reduction at high frequencies. In other 
words, the energy seems to move from higher frequency components to the lower ones with the increasing of 
the operating life of the bearing. The trends shown in Figure 11 seem to suggest that, to describe the 
condition of the bearing during its functioning, some frequency bands are more suitable than others. In order 
to complete the analysis of the first data of the endurance test, in Figure 12, skewness, kurtosis and crest 
factor values, calculated for the vibration measured on the bearing under test as a function of the performed 
cycles, are shown. The information provided by the three parameters are very similar and not much relevant 
from a diagnostics point of view. All the parameters achieve high values at the beginning of the endurance 
test whereas low and about constant values are assumed after 2 millions of cycles. This behavior can be 
ascribed, as previously discussed, to the progressive smoothing of the initial localized damage. 
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Figure 12.Skewness(a), kurtosis (b) and crest factor (c) of the vibration signal of the bearing under test as a function of the 
number of cycles. 
4. Conclusions 
The aim of the present paper is the analysis of the preliminary data gathered during the initial phase of a 
rolling element bearing endurance test. The endurance test is the first one (i.e. the trial one) of a more 
articulated experimental campaign scheduled by the authors in order to evaluate the operating life of bearing, 
considering also different working conditions in terms of lubrication and applied load. The necessity to 
evaluate the bearing operating life, starting from its installation or the appearing of the first localized fault, 
comes from the increasing interest, from an industrial point of view, in the realization of suitable diagnostics 
and prognostics procedures for this kind of components. For this purpose, a laboratory test-rig has been 
designed and implemented. The laboratory facility allows to measure vibration signals for an increasing 
number of performed cycles. These data will be analyzed in different way in order to define parameters able 
to describe the bearing condition and algorithms suitable for the realization of bearing prognostics 
procedures. 
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